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(54) SAMPLE SEPARATING METHOD AND METHOD FOR ANALYZING 
SEPARATED SAMPLE OBTAINED BY THE SEPARATING METHOD 

(57)Abstract: 

PURPOSE: To shorten the time of analysis by performing 
focused-ion-beam (FIB) machining on the surface of a 
sample substrate at least at two kinds of angles, 
mechanically connecting the sample of analyzing part to a 
probe which is introduced from the outside, taking out only 
the analyzing part, and performing the analysis from the 
arbitrary direction. 

CONSTITUTION: An FIB 1 is orthgonally cast on the 
surface of a sample 2 and run in a rectangular pattern. A 
square hole 3 having the specified depth is formed in the 
surface of the sample 2. Then, the sample 2 is inclined, and 
a bottom hole 4 is formed. The sample 2 is set so that the 
sample is orthogonal to the FIB 1 again, and a cut groove 5 
is formed. Then, the tip of a probe 3 1 is brought into contact 
with the separating part of the sample 2. Thereafter, gas 7 is 
supplied through a gas nozzle 6. The FIB 1 is locally case 
on the region including the tip part of the probe 31, and a volume film 8 is formed. Then, a 
separated material 9 is cut out of the sample 2 with the FIB 1. The separated sample 9 which in 
held with the probe 31 can be inserted into various kinds of analyzing devices differently with 
respect to the sample 2, and the separated sample 9 can be measured. 
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IRSItX[itt«©^»IC-fe-> hb. TEM. S EM, S 
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(2) 



&BB¥5 -5 2 7 2 1 



HMfSfcR©«H] 

[S!#fll] KftOSVCttU '>&<,»:*> 2 o©J| 

* saa©;*rsjfr e mic-f * > m- a s saw u tnuisa 

T. l!ilEfa#©-&£i1E7n-:/©g8i£. m*^* 
> tf- A Sni ick 0 f5± Lfc y p®.? \z ± 5 n tim 

[W#9i3] SI*JBlE««)K»©»l!S^ttlrfc^ 

f ©*ifc-Y M- l*mmz £ 0 »<S Lft bf- AS 

noimumtis^T. aie**^ fvtf-Ajin:**. 

£j£#*gH»<p-e©#XXgX y > f 5 £ t £ 

aw*©*****. 

[»#5I6] »^lE*©K<Bfco«-«^tt(C*5^ 
[»*^7] »*^6E«OK!|EKD^)||^i*IC*5V> 

[»*«8] »*jgii~3©^-rnAu^tE«©H 
^©»«f^&(cfe^T. *JEtttt©-«tffE:7n-:/ 

aHm&itizzmm-tzzt&ft&t-rzunvftm 
T»wr-5^ii-c»ij, iiaE&ft©-aB&#i8hr*ii9 

WEH!|6f<0-«S£#U «fE^D-^{c 
ra©lttE-S&"©0r6f S«g£T * C tS($itt5»«r 

S ftS©^****^ * > fcf- A SflgWUTilE 
K»&«*-f * >tf-AJ0IU ftTEKtt©-«£#« 
bT^*ff-5*itT*0. WEK»©-«&»«fr5i!| 



l] K9»©*lirfc:#L 2 r>© 

S*-5^aE©^|fi]^e«*'f*>lf-A£flSWUTifE 

i<? ttlcStCl. fflESJ*4©-&£;SLftU £©£##<! 
T. MIC, r.*-f f >#ffi£T#«L;fci(fEttft©j£# 

[000 1] 

Lrzunotiftumizm. ®\z*mwv*j\-<M8i2 

Lttfttt1jmzM?Zh<D-(!&Z>o 
[0 0 0 2] 

a? [ft*©ftffi] ^MtUY^^oxne--^ 

t»^X7*-H^ (1 9 8 9m , 5 0 1~5 
0 6M (Microscopy of Semiconducting Materials Con 
ference, Oxford, (1989)pp. 501-506) IzHTjkZtlZ&mt 
COXUlTtt, SilS«7mKlt (Transiisslon 
Electron Microscope :KLTTEM) »«f**Bllll?ft# 
RKlRS^'ff >t-A (Focused Ion Beam :B8LT 
FIB) SfiJffltT«Ji3tatfc0iW^e>nT^-5. 
[0 0 0 3] ±EXiR©M^^(C«tn«. 07 fC^T 
.fc^lC, ¥aS#*«(Bl?S^ 6 ft S SnunT «100 -500 
(im»f»^7 1 fc^i" 7^>H • V-Sffl^T1»ffl 
L. iBKro^'J H 7 2 ( TEM®&mWm>fV v H) 
iC@)£b. -e©^, F I B&fiJfflLT^-yy7 1 t*m 

KKsj 7 3 sal • mi&u ^ommim? 3 t- 

[0 0 0 4] Sfc^©te©^*ft«iUT. ^D^-x 

-T- • 7W V-< y^T, • -»3}?-7^A (1 9 8 9*10 » 
4 3M~^5 2H(Proceedings of International Reli 
ability Physics Symposium, (1989)pp. 43-52) #*-5>. 
d©XiKr«. **-ff >lf-ASfiJfflLTxA , -1'X© 
W®JPI2:ff^, MlC^SE-ff >ffi»^(Scanning Ion 
Microscope : B8LTS I M) «HEaffl^T»f®«|ji©» 

KrSSEM (ScanningElectron Microscope :SSbTS 
EM) lCJ:5gS?©0!lt?*-5. 
[0 00 5] 

5(7 a, u®zmm\z*t)mmitvTm&zft 
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3 

wicsaiSTt^^ofc. mmom 1 ©&*&asii. k» 

©ftfcffiffi ©T E M##ffigt?#S«*£#iS;-e«&*. 
L*>U ##rffi#r££tJg£&inm-?i|1100 ~500 (im 

5. Sfe^-f7 ; E>h' • V-*t*©««JPITtt. lax 

89©aB#£F i B-ripi-r-sfc*. -erojnxi^K^g 

[0 0 0 6] ft*©8r®SEMSi£?tt. «Stt**9 
i»©»rSi£*jrrs©ttBllT»ofc. tiri£L&8l2© 

S£*fti»(i, tt»©ft£«ffi©»H$*Sn?#*ja-c« 
[0 0 0 7] **9!©Sttti. 

9x/Wj©tt*©jftS»*rf*«K:, f?WiA 
-S*Srfc3B^*H*#©***Hi-r::fc*t-r#, * 

Xfc»*r©fc»©£iJrMfflBft* < -r* C t «tT#*tt 
»©£•#**. RlXc©tW©»li*tSt«»Lfc»«f 

etc**. 

[0 0 08] 

csiBs**-r*&©©#a] *&nk:iii«tttt©#ii 

1. *»«£«*«»©#*#&«, tm©*w;:** 

U *fc< £t> 2 o©Sfcsa«©:£i6ja> 
fc-Afcli&fU tt»***-f *>tr-A-elPXL, tt 

fi©-«s^«-r5'b©r, tt»©-a&*$Hrr str 
t, ^«*6*Asn&rn-y*, ^Kan-asm© 

©ttfflc£HII*fjl&*»U £fcftlittft©£»e&X 
©s!5»fc-r«fc©-p*5. 

2. HE»«*ifefc*t»T. #£L<tt. ttK©-8 

bfcx a v ^tt^z^mmmz^ x> . x&xx&m 

T©**-f * > A «WK J: 0 L & tf-AlS 

3. HB©#»**ttfc*V»T. ff*l/<». iUlt-f 

E**x»H«+r©*xaaixy 



&BB¥5- 5 2 7 2 1 

5. *X91fi:4R«ttft©5tfT#&ti. KftOSWctt 
U tt)2 0©S3iSft«©^r|6l*»6^<^> 

©-«*»« i/T»*f-r*^-c*o, im©-ggs# 

H©30*tt»T. BB¥B*Blr>T. #B*nfcitH© 

■-B©0ris&«asrr-& t>©T*s. 

6. *»WK**JE&4K»©»*rJ8F»tt. Hft©£ 

io H»c*tu 4>&< it)2-3©s^^^af©^ini^e.** 

U «»©-«*»« LT»#fr5^j*T»0, St**© 

-«*»B-r*»fc. we.iAsn&yD-ys, 

#B3n*-Bfc»«b. tt»©-»«a«fL. MIC, 
tW©-»«»«T*«+Xtt»IiLt«fc»»Wlc* 

©T4>*. 

7. *£BCff«XttSfim©jttlr£&tt. H&©£ 
ffifc*fU / >3ft<t'b2r>©Sft5ft«©^*>eSl* 

#Ban*-»ic»«u K»©-«fc3e»u £©£ 

8tt»T?. It. -*-f*>0*fST*H*L&im©|* 

±8e©$D<. *««(c{R«tm©»M^jKBL^«f^tt 

l^fc<i%:3B«©ft«a>5F I BiDXU #$r«5£ 
*tftt»©-Bfc#B**$HBlS+fcMBfc***»& 

[0009] 

BS©A«*>5F I bjpx-t 5 K8»R£$rtJr 
a. Sfcr©tt«©-»»*©»fc*^T. »bc** 

#&»ALfc:/n-:/fcaBiOTS«*ttfc»«l,T* 

«»*tifc»«itt»ttjc©tm*stttB"j«t, #a© 

»«T«BK«AUT«IJfri-«Ci:d«lIII"e*0, »«fC 
abZt^tttCSSDX-r-5 ^ 1 1> nJtBT*-5. ^fi| 

^©tt^sti, *ne#awianftn©T. <ifi©^*f 

^iilra©^'n-feXS:Sfi-rii:*»oIffi-C»-5. FI 
$14. «e*©*a«iDXlCJ:-5^Ri^ttlcJt«LT#»(C 

*WflsSpxicE-r*i^iwsfi<-r-&ri:*<re*. 

5<? [0 0 10] 
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(4: 

5 

mmm] #3893©£Jb0<J£S11~BI6£#II 
LTSJipJ-rs. B3W, *»m#|Tfflt»6n«F I Bg 

tfe'f^^iiv 3>x>+m^>xi o i tnmv>x\ 

0 6 ICi OF I BltUVZ8.1H2±.\zmM2tlZ>. 2 
0©1/>X1 0 1. 1 0 6©^lCtt, "ISTA-^^l 
02, 77-ft-Xf^^Y103, X5>;*Jl04, 
f7H»^ 1 0 5*«IB@$nT^-5. 51*7 At-?* 1 ~ 

0 2tC«^0ffi!!)gSl0 2a^. 7?>;tn 0 4 dtiX 

7>^1 0 4aj)«, x7W£*l 0 5\Z\t 10 

&fa&mi$i o 5 a**, ^n^nf-ra^n-r^s. 

tO 0 1 1] H**2tt, 2«l (X, Y) £|fi]II#!Spra 
ftXf-/ 10 8 ±t*5V»T. Z<DXt—V 1 0 8 fcg 

^^nfea^steSiB i 2 orooteWi'H^snTti 

-5. Xf-y 1 0 8©£fite. X-r- v'MWfi? 1 0 8 a 

HUT. KftiaettB 1 2 0 O0Sili7f-y 1 0 8 

[0 0 12] 10 7«^7.J|T?. #X2gl 0 7#SI8£ 
Lfc#X (W (CO) . ) «, #X y* X>P 8 tC <fc 0 F I a? 

b i otmmto&oi&mzmfrtiz. tfxai 1 o 7«# 

XfiW»a5l 0 7 alCiOMtpSn*. F I B©8Htt: 
<fc 0«W2 (D^E^e^tfe=^*^tt. 

ms i o 9 ic j: otttasn*. -^m^fflss 1 o 9 # 
so-^m^flr^sA/Dsau f 1 B<omi&\$mt 

nmLra>\Z3.-j?\ 1 ooHtt^tuicsoiitrc 
tlCiO. CRT1 1 0 a±.\zfe£'(*>mffltL (Scan 
Ding Ion Microscope: B8LTS I M) Ici-SffcA^K 

[0 0 1 3] I-Vd.]/-*?! 1 2te, 04lC^-r«t5 JO 

ic» attro/w^^^sjES^Ta 0*9 o" -f^^fSi 

*HCLT*»U X. Y. Z©3Wfflffii)*Blt6i:l, 

£fc©r<&s. -?-V*.v-2o%mz\3., &jg8i©7 

□ -73 1 £g5£LTV>S. 7D-73 1 ©*«$«, 
tRtffcimiStlTHS. KfcJWWfc. 7D-73 1 
tt. 5 0/imBl±ffl)P*.S:W-r5^y-fi|5t, £©* 
)l?-m<DKmz9ctSifrt>9l&LTmit > Wt.l Oum 

BTF©j?*£*rf *7n-7Ay vfr*>m$.-zt\z>z.t 
tfm$.w. 03tc^-ri5ic v-fcfn.u-^ 1 12 

tt. l/-*fW«« 112a ${f^T^.5. 40 

[0 0 14] ±ffi3>Ka-^ 1 1 0B, y^fA/U 

1 1 1 S^LTBiaiT/t-^^ 1 0 2 ODJBt D «B»). f7 
ly** 1 0 5fc±«e-A<Dfl||a]IM£. -*«^«fflgg 
1 0 9*^©fg^lfcHi, T-tfaU-^ l l 2©B». 
Xf-yl 0 8©$». #X©«ifc«©&fW»£fT5. 

[0 0 15] ±ie«I^S;*-r-SF I B8B SfflU 

TK^2S:iral-r5. HI tt. K*42^&#flT*fJilSB£ 
^tftt»©-ffi&^||S-r*lS (a) ~ (g) *7jkl>ft 

®m®?$>z. z\&mmm?> ts^2(i->>j3>s«r 



1$IS¥5-5 2 7 2 1 

a. erne »h©^jb*i« (a) ~ (g) »c«£^t 

[0 0 16] (a) fet^2CD*®lc*tbF I B I*** 

ftic^»-r^«t^ica^2©^»s{g-&. a«2±TF 
i b i sffijgtc^ssti:, &.ft$tm\zmmvm<DfiK 

(b) ttiisf 2 ©^Mic^fs f i b i<Dmwm7 0° 

«&T*«k5(;:. lift 2 &K4ZBf$ 1 t 
S. ta*42©«&S©IS&£3E«. .ttttlHttSB 1 2 0 

(c) im2©&»£&jeU lt&2©SlffijJ*F I B 

i \zztLnzfmmztii2>&5\ztm2$ : wL&b, 

(d) V-tnk-^l 1 2SffifjL, Xn-^3 1 
©ft**, &m2©#«1-*flP#(c&«!;*-fr*. 8«L 

(e) #7/;Oy6#<3W (CO) . #77£{*fc 

u fibis, 7n-73 i o$ti%B*<£tsmi\zm 
mmtzmttu mftmzmfc-rz. &M&mz$>ziA 

J6t2©#ita8#i7n-73 l©$fc«8tt, *«IK8-C» 

i&sns. 2 oftu&ftf?u--j2 1 ©s«ict) 

V>Ttt, #X3?B&*T©£ilH*>t^.kltf»;:J:0 

AjDiick o »± Litxn y ^mf-\z^mmm\z^ 

(f) f i b l-vmo&ftzwxtuaxi,, U®2 
is, «iKsnfcXD-^3 lT^sn^ttsiic^s. 

(g) V^tfiU-^l 1 2SKI4U »«K^9S 

±fSH^09tfcV^T, F I B l©ftIIX'J7*}i)£-r5 
SR. ¥ibmxXt)7Z$tsm&ZF I B 1 T^X^^lc 
U tt&2©£ffi^%£bfc-;fcm? (««««:-* 

fiJffll/75:. -^®^©«Wi(i. -^g^-tfeffig 1 0 9 iZ 
.fcoTfrfcn*. S I M&£fijffl LfcK»Sffi©^|6j 
(X, Ytty5lRl) K*tf*aHXiJ7©R«H:Jt«W« 
m\Zfj5Zttfr%Z. b*vL, ^D-^3 1 tK<Et2 
iOtH»fc«r*t9«tt. Ztt^|fiI©1f«/9^1|-C*-5 
ftft. -T^t)^, FIBK07*- 

si©a^icj; o z*ft73iRjicw-r5»«)igs©tii^#e» 
ns#. s n > w^©wjtes»T* a. 
[0017] i$ot*nmmv\t. xm (d) icfc^ 

T. 1 4««tt©t)©tb, •tn&SfilaS 

^bT«)£ig («E£Vs£-r-5) ^o- 
■X3 1©«^B. l*»tt«2t«*bT^& 
V^ttiitfVs t^O, «ttl/^Witttt2«!>«tt (« 
Jt«4fe) <t^S. CiniCJ:0, ««*^D-y3 1©S 

i Mttwwak^jp^ts-a-a^A, c©u^«fl: 



-182— 
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[0 0 18] «OHibfc#8SliS*49«. *©&. *©0r 

u wfffi»ia£SEM ti££mm?mmm Tm&v 

it. Sfc. ffi«©^&T#lfciafl8©8ES:{t±tf. * 
3 1 9 tt, Hfl 2 tttgiJfilC 

«C4;tiir**. «IAtt»«nW*llW«fc«K SOW 
lC*H§tt»9«;!lDIU CAT (Coiposition Analysis 
by Thickness-fringe) ffiJciD. 

[0 0 19] 02tt. WI2SI«Wi:|Bl«©#fertSfi2 
©-iK£#Kb. *©#«ia!fl9£TEMii£T<&BM 
T»mfcbfc3MI«*3ftri»aB-C«S*. IS (a) IC 
M£tlZ>£.5 tZjUnm 9 ©-8B 9 a <E>MWFft* < 
3*15. JltCia (b) r. *MKft9tt. »*J$9a 
fcF I B 1-CJWMtan*. #«Ktt9ffl-«59 atf. 
TEMfflKWlCSa. **tt«IC«J;ntf, tt»2©«* 
©WJfjfcS T E MHfl £$gfc:J& 0 tBT C fc*»T*«. 

[0 0 2 0] B5fc*i#>>iA-5 2l:»^jftCDT 
EM#tfr£fTofc£ffi0J&*T. C©*J6«ajTtt. »«f 
j£t5 0a~5 0e, 5 1a. 5 1 b ***H?n£ir*/J> 
K*4£. *i#!>iA-5 2*>6iHll/. 02tH«© 

#ft»c«ko. *n*n©*HWt»*«Bftbsfc«, te 

M##r£frofc. C©|SatW"eOT6*a:±5{C. #?69] 

tz&m*$*.ti.». «eoT. tt*©«fjf©tt»«»& 

»*-r*Jli:*fC#5. *&#«nil5 1a, 5 1 bttig 
fcbTfcl), ^xA-*«t)TTEMIt«S^J«-r5«6 
*©*fc6Ttt. 2 0©S£^*#5C:i:ttfflSlT*o&. 
b*»U *»WlCJ:*»li*8«*M!**ltt, 2^>©K 
tt«ft«z: TEM«£afiiJtBi&t>&. £fc 

#tf#*©«»©K8«B#£#Ilb&fc. &x;\-i# 
fc^V>Ttt«S©»«f J f>iiilD©^ , D-feX*JfiTrt*tBlffi 

[0 0 2 1] rdSfl©m&6i«Tti7n-7£bT&»K 

id . ai. w®<D-7n-7£$m-rzz.t : t>?2 

7©»tttt. »*©»«*^-«i*<«ia^n- 
r ! SB^e.«dc-r-5 1. A> H 'J >^^gT?fit? 
#»K**£©88S^gS£fc.5. 
[0 0 2 2] 06 (a) ~ (b) tt, *JMeJ:«ftll 



(5) #$¥5 - 5 2 7 2 l' 

8 

9 t y^6»*bT*J<. ETFfc, »«©fMH«J6^ 
[0 0 2 3] (a) &tt£©j£Ktt£«:ftft6 1*F 

i Bjoxrs. 

(b) AllArteifc. £MIK86 3 (03Atfr-7> 
20 ^Ay H*FIBtJ:0«HfL,T»lilW6 3*AA6 

i rtiasr. 

( c ) »mm 6 3 ±otit?7 ys«±©E«s 6 
o ®mmm 2 ic* d 

U «««W (CO) . tfX^ffl&TfflF I BJSfJfRBJt 
[0 0 2 4] SUOj^c. *^lt±5«-f»^te&fij 

fflrn«. »]©^y^rtfc»j«snfc7 : A'f^s#isic 
a*b> «©^y^rt©»f»©«BfK«^a* 
a? acta*-?**. 

10025] *Mtro©ftift0t*e»«*. »«©&» 

fcF I BHDI-r5ffl»©#a«t>*€<&a. ±ESIttW 
TttF I B»ItbT*ba»^As/^'J>^«©* 

©J:3fc8£, F I BllfllgBiEBfcSfctfT.fcigAU 
F I B7^Xh •Xy^>^*ff3C4:rl0ia**rtl 

JteWDn©fi»*Hsc: 

[0 0 2 6] 

[%^©3S*] BUCRWCW&flwSsiiK:. *56Wfc 
30 ±n«» »«#Ofy^9i/\-|ij(0tftC!)j4*»»r 
-TSIBfc. F I B«rflV>T&fifcttffi©#*tigttib. E. 
■3»«bfc*#*j6»UTtt*©ttJfC«aT?**±5 
fc«*l/fcfcJ6, 5 1 »^?rxA«Et»*Ct&<, 
(Hlfr*«iMWlft©**»ll-C**. 

©»3ffc*j£-r5=t**tf#, j.o^«a»©sS»<£tt 

»«h9»?F«ta:*. SICF I B©DQI«g«*i»«T^«SK 
©r< MH©»Tft«^«X«©ttAiXiMM«^< . 

[0®©(8m&lft^] 

[01] *56W»Ci*»li*ffi©»)||#J«^1-#HaBf 

[0 2] TEMnsewie«tm©»iiAixfi«n«-r«m 

[03] *BWfc±*#*#S5&j*tt-r*fc»©F I B 
KS©«»«0T*5. 
[04] V-tfo.W-^©Ji;^:M«0T*.5. 
[0 5] ^.«TEM^«rSff5fe»©^«IWl6f«tilbtt 
5(7 S©WS^T , >xA-©iE®0-CafeS. 
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(6) 

9 

mm/mm 

1 mmt^-j* 

2 imsffi 



#BB¥5-5 2 7 2 1 

i0 

6 #X 

7 yx* 

8 man 

3 0 m *;P7H£E«*T- 

3 l &m?a-7 

5 2 «HWxA- 



[01] [02] 




30:"<=t<v7i!ff«)isf 5 0 0 e : ##f^ 

5 2 
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(7) 



-52721 



[H3] 



[06] 




10 2: 9|*7'*-f t 
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